May 1957

MONTHLY WEATHER REVIEW

A PROCEDURE FOR FORECASTING TORNADOES IN
ALABAMA, GEORGIA, AND SOUTH CAROLINA

A. H. STAKELY

Eastern Air Lines, Inc., Atlanta, Ga.l
[Manuscript received February 5, 1957; revised May 6, 1957]

ABSTRACT

An effective procedure is devised for determining by 0400 EsT whether tornadoes will or will not occur within the
area comprising the States of Alabama, Georgia, and Soutl Carolina during the remaining portion of the day.

1. INTRODUCTION

A categorical answer as to whether or not a tornado will
occur within the area of Alabama, Georgia, or South Caro-
lina on a given day is the primary objective of this study.
The approach to forecasting tornadoes in this area was
made in a somewhat different manner than has been
previously used by other investigators. Armstrong [1]
used primarily the 700-mb. chart, while others [3, 4] used
primarily upper-air soundings. The data used wera those
next prior to the time of occurrence. In this study the
approach has been through the analysis of several levels
which contribute to instability of the atmosphere over the
tri-State area.

A check of available studies failed to show one which
restricted the climatology of tornadoes to only Alabama,
Georgia, and South Carolina. Therefore a survey of the
tornado statistics of this area was made, to serve as a guide
to forecasting requirements. Figure 1 shows the fre-
quency of occurrence of tornadoes in this area by hours to
the nearest hour of the day, during the years 1950 through
1955. (Eastern Standard Time is used throughout this
study.) Data for years prior to 1950 were not used
because it did not seem likely that they would include all
tornadoes which had occurred. Figure 1 shows the
preponderance of occurrences in the late afternoon over
early morning hours. The peak at 1800 st is twice that
of & secondary peak at 0800 Est. 'The minimum between
2300 and 0300 est indicated this is the period for which
forecast coverage is least needed; therefore, a calendar
day forecast is made using the 0130 Est surface map and
2200 EsT upper-air data. By 0400 mst a forecast for the
date in question can be made. Since only 4 percent of
the tornadoes occur before 0400 Est, the few missed before
this time are negligible in considering a forecast to be
issued only once a day for an affirmative or negative
answer on tornado occurrence during the rest of the day.
No study has been made of the timing, although some
observations on this will be made later.

1 Project sponsored by U. 8. Weather Bureau.
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Ficure 1.—Tornado occurrences relative to time of day for the
years 1950 through 1955, January through August, for Alabama,
Georgia, and South Carolina.
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Ficugre 2.-—Tornado occurrences plotted by months for the years
1950 through 1955 for Alabama, Georgia, and South Carolina.

Tornadoes were classified first as “family”’ and ‘‘iso-
lated” types. While there is not sufficient evidence to
prove the point, it seems likely that isolated tornadoes
may be less intense. This classification, while not used
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F1cure 3.—A composite surface chart at 0130 ust for 10 “family”
type tornado cases in the tri-State area.

in the portion of the study concerned with an affirmative
or negative answer on occurrence, produced the observa-
tion that all South Carolina tornadoes are of the isolated
type, and that June, July, and August tornadocs are
isolated throughout the tri-State area.

From climatological considerations (fig. 2), the period
of study was confined to January through May. The
reason for omission of June, July, and August from the
tornado season is obvious from figure 2. Data were not
available for September through December. These
months are also climatologically unfavorable. Tt is be-
lieved, however, that the findings of this study will be
applicable to these months.

Every effort was made to make the forecast by strictly
objective criteria. To a certain extent this has been
carried almost to extremes, but the categorical result
appears to justify this approach. The objective procedure
is expressed by a work sheet which allows every day of
the tornado season to be considered a potential tornado
day until objectively eliminated. The period considered
was the 907 days, January 1, 1950, through May 31, 1955,
and thus in this study there are 907 cases. The process
of elimination of ‘“no threat’’ days is begun by using sur-
face data; specifically, the 0130 Est surface map eliminates
about 75 percent of all days as tornado-threat days. The
detailed discussion follows.

2. SURFACE CHART

The dewpoint over the area in which tornadoes occur has
previously been recognized as an important criterion.
Rather than to attempt to forecast the dewpoint at a
location in the area, when the desired location is unknown,
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Ficure 4.—Reference chart to be consulted when evaluating the
surface cyclone and frontal positions on the 0130 st chart. In
order for a surface cyclone to be in a position favorable for
tornadoes in the tri-State area it must be centered east of 103° W.,
and a portion of the front must lie within the area bounded by
the solid lines along latitude 36.5° N. and longitude 103° W.
Cold fronts or squall lines which are east of Atlanta, Ga., on the
0130 st map preclude tornado activity on that day.

a large area was considered on the 0130 st surface chart.
If the dewpoint was 60° F. or more at any station along
the Gulf coastal area from Biloxi, Miss. eastward to
Jacksonville, Fla., or anywhere in the tri-State area, the
first criterion for a tornado was met. This rule had no
exception in the 907 cases.

The lowest value of the surface pressure observed in the
tri-State area on the 0130 EsT surface chart proved to be
of real significance in separating cases. It was found that
no tornadoes occurred when the lowest surface pressure
in the tri-State area was 1018 mb. or above. This finding,
combined with the dewpoint requirement above, elimi-
nated 449 days from further consideration.

A composite surface chart of ten “family’’ type tornado
days is shown in figure 3. From this chart a general idea
of the location of frontal positions can be deduced as being
associated with the general trough through Arkansas and
Texas. The exact location of each front at 0130 EsT was
plotted on a separate map for each tornado date. These
maps showed a wide variety of pattern, but several general
features were noted. In every case, a definite frontal
system was present within the area south and east of
36.5° N. latitude and 103° W. longitude, as shown in
figure 4. In most cases it was a cold front. In quite a
few cases there was an active squall line, and in many
others there was a definite Low within or just south of the
area. Conversely, in no case was the Low, in which the
frontal system was located, centered farther west than
103° W. Also, the cold front or squall line should not
have passed into the southeastern quadrant of Atlanta,
Ga. Almost all cases had a portion of the frontal system,
of the low center, south of the latitude of Atlanta. Hence,
if a frontal system on the 0130 msr surface chart did not
meet these limitations, the date became negative for
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Ficure 5.—A composite 850-mb. chart of 10 “family’’ type tornado
dates using the 2200 Est data for the previous day. Solid lines
are contours. Dashed lines are isotherms.

tornadoes. A single exception appeared on May 31, 1953,
when a doubtful tornado was reported 200 miles from the
nearest low cloud observation, and even farther from the
nearest front. Lack of fronts in the proper area elimi-
nated 186 additional days.

The following criterion would be unnecessary except
that in this study pure objectivity was the aim. After
eliminating those days when the pressure was too high,
the dewpoint too low, or the fronts failed to qualify, there
remained some cases regarding which any forecaster would
say, “This isn’t the proper situation principally due to the
character of the flow over the southeastern United States.”
These cases were eliminated by measuring the gradient
and geostrophic flow in the area, or in the warm sector,
if a front divided the area. The angle which the surface
isobars on the 0130 EsT chart made with north was meas-
ured. In cases where this was changing, the average was
taken. Any case for which the geostrophic flow (direc-
tion of the isobars) over the States of Alabama, Georgia,
and South Carolina was from north of 260° or 130°, was
made & negative tornado date. On the charts used, the
gradient winds (strongest wind in the lower 3,000 ft.)
were plotted from the 2200 est pilot balloon runs. All
dates when those winds in the tri-State area, or immedi-
ately adjacent such as at Tallahassee, Fla., indicated the
flow was between 270° and 130° inclusive through north
were eliminated from further consideration as a tornado
day. These considerations had no failures, and reduced
the tornado threat days by another 41 cases.

Only 230 favorable days remained to be considered,
and for these, upper-level factors were applied.

3. 850-MB. LEVEL

Figure 5 is a composite 850-mb. chart of ten ‘“family”’
type tornado days. A feature to be noted is the orienta-~
tion of the contours over the tri-State area. Another
feature is the divergence of the isotherms over this area

Fiaure 6.—Geographical area in which the center of a cold injection
or apparent cold advection at 850 mb. must be located at 2200
st in order for tornadoes to form in Alabama, Georgia, and
South Carolina during the following day. ‘X’ marks cold injec-
tion centers. ‘‘0’’ marks apparent cold advection centers.

in contrast to their crowding over the Panhandle region
of Texas.

Beebe [2] used the contour which passed over Atlanta,
Ga. on the 850-mb. chart as a parameter in forecasting
precipitation for Atlanta. Since Atlanta’s location is
representative within the tri-State area, this same idea
was examined in this study of the upper-air data. If the
850-mb. contour which passed over Atlanta reached into
the Gulf of Mexico, and surface factors were positive, the
date was considered favorable for a tornado day. Usually
the contour entered the coast east of Mobile, Ala., but
some tornado days occurred with the contour reaching
the coast as far west as Lake Charles, La. When the
contour failed to cross the Gulf coast, no tornadoes were
expected. This consideration eliminated 67 of the remain-
ing 230 possible tornado days, and 5 actual tornado days
were lost.

Many forecasters are familiar with the difficult problem
of cyclogenesis and with the forecasting solution proposed
by George [5]. Briefly, this method requires as a prede-
cessor, the existence of what he terms a ‘“cold injection,”
which consists of a current at 850 mb. (usually narrow and
at times ageostrophic) crossing isotherms at an angle
somewhere near to perpendicular and. extending over a
thermal range of at least 12°C. The center of cold
injection is defined as the mean temperature spanned by
the cross-isotherm flow at the center of the current.
Figure 12 may be used as an example; the center of the
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cold injection shown by the open arrow is near Amarillo,
Tex.

It soon became apparent that this center of cold injec-
tion would be an advance indication of an area of insta-
bility. A check of cases which were not eliminated by
previous criteria at this point showed that the cold
injection center at the 850-mb. level was an important
factor. Since an effort was being made to confine the
forecast factors to the 2200 msT upper-air charts, there
obviously had to be a modification to the cold injection
idea to some extent. The centers of cold injection for all
dates when a tornado occurred in the tri-State area are
shown in figure 6. In addition, the centers of any other
cold advection in the area were included when a definite
cold injection was not present. This inclusion eliminated
subjective considerations in choosing a cold injection
center.

The value of the cold injection or advection center as a
predictor of tornadoes is demonstrated by the fact that
only one situation of multiple tornado occurrence was

F1GURE 7.—A composite 700-mb. chart of 10 “family” type tornado
dates using the 2200 mst data for the previous day. Solid lines
are contours. Dashed lines are isotherms.
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FI1oure 8. A composite 500-mb. chart of 10 “family’”’ type tornado
dates using the 2200 est data for the previous day. Solid lines
are contours. Dashed lines are isotherms.

May 1957

recorded during the 6-year period without its presence in
the proper area of figure 6. The very unusual case of
March 22, 1953, in which cyclogenesis occurred behind
the cold front, was the one failure of this parameter.

In those cases where a cold injection or advection center
was apparent, its location was checked to see if it fell
within the enclosed area in figure 6. Any center not
within the area was sufficient to make the date negative
for tornadoes. If a center was located in the area, but
with the associated 850-mb. low center west of 103° W.,
the case was considered negative. These parameters
eliminated nearly one-half of the remaining tornado threat
days, that is, 76 out of the 163 left for consideration.
Four actual tornado days were lost.

4. 700-MB. CHART

The composite 700-mb. chart of ten days when tornadoes
of the “family’’ type occurred is shown in figure 7. No
important criteria were developed from this level.

5. 300-MB. CHART

Ten “family” type tornado days were utilized in making
the composite 500-mb. chart shown in figure 8. At this
level it was found that whenever the trough line was
located east of the Mississippi River, south of the Ohio
River, no tornadoes occurred. A trough line as used here
means a more or less north-south line followed by winds
at this level of 270° or more northerly direction on the
west side. (Note. Very minor perturbations were not
considered.) This eliminated 7 days after lower-level
criteria had remained favorable for tornadoes.

6. EXAMPLES AND REMARKS

Figure 9 shows the 0130 st surface map of January 2,
1953. A similar surface map at 0130 st on January 23,
1953 is shown in figure 10. The dewpoint condition was
the only surface criterion for tornadoes missing from the
chart in figure 9—the highest dewpoint observed within
the tri-State area or in the group of stations from Biloxi,
Miss. to Jacksonville, Fla. was 55°F. At Mobile, Ala.
in figure 10 the dewpoint was 62°F. On January 23
there occurred a tornado in Alabama. No record of
severe storms is found on the date of January 2.

To illustrate the effectiveness of the method outlined
here, two different dates have been considered. The
matter of time of year is eliminated by using the same
date, February 20, in 1953 and 1954. Shown in figure
11 is the pertinent portion of the 0130 st surface map in
1953 and in figure 15 the corresponding map in 1954.
Both maps meet all surface requirements. In figure 12
is the 850-mb. chart associated with the surface chart in
figure 11. The cold injection is quite distinet and the
center is within the area outlined in figure 6. The con-
tour on the 850-mb. chart (fig. 12) over Atlanta reaches
the Gulf near Tallahassee. The same requirements are
met for the 850-mb. chart for 1954 shown in figure 16



at Biloxi, Miss., was the highest dewpoint within the tri-State
area or the area from Biloxi to Jacksonville, Fla. All other
surface criteria for tornadoes were met. No tornadoes were
reported in Alabama, Georgia, or South Carolina on this date.
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Ficure 10.—Surface chart for 0130 =st, January 23, 1953.
dewpoint at Mobile, Ala., was 62° F. All other criteria for tor-

The

nadoes were met.
bama on this date.

A tornado occurred in Clarke County, Ala-

which is the companion chart for figure 15. The 500-mb.
charts did not show the trough line east of the Mississippi
River on either of these two dates. Thus all criteria are
favorable for a tornado forecast.

In figures 13 and 14 are shown portions of the 1330
and 1930 st surface charts for February 20, 1953. A
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Freure 11.—Surface chart for 0130 Est, February 20, 1953. All
MIA . . 1
020 criteria were favorable for tornadoes. Tornadoes occurred in
) Colbert, Marion, Walker, and Franklin Counties, Alabama.
Ficure 9.—Surface chart for 0130 est, January 2, 1953. 55° F.,
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Fiaurg 12.-—850-mb. chart for 2200 =mst, February 19, 1953.
200-ft. contours are shown as solid lines. Isotherms at 5° C.
intervals are shown as dashed lines. The cold injection is shown
by the open arrow.

family of four tornadoes was reported in west-central
Alabama between 1730 and 2000 EsT.

In figures 17 and 18 are shown portions of the 1330 and
1930 st surface charts for February 20, 1954. Although
the vicious line squall lasted until between 1330 and 1930
EsT, and a tornado was reported in eastern Mississippi
at 0235 EsT, this case is recorded as a “miss’ in this study.
No record of a tornado is in the data for Alabama, Georgia,
or South Carolina.
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Ficure 14.—Surface chart for 1930 Est, February 20, 1953.

7. FORECAST ACCURACY

The 41 days which would have a tornado forecast from
the criteria developed in this study, but for which no
record of a tornado is found, showed the following:

On 28 of the days a squall line was present in the
tri-State area.

On 7 other days thunderstorms were shown on the
6-hourly synoptic charts.

On 4 additional days thunderstorms or a squall line
affected an immediately adjacent area.

On 2 days only an active cold front without thunder-
storms was shown on the 6-hourly charts.

This tabulation indicated that 97.5 percent of all
tornado forecasts made by this method resulted in severe
weather and 48.7 percent in tornadoes.

There were 10 tornado situations which this study
missed by forecasting ‘“no tornado”. Mention has
already been made of two of these; the dubious one at
Cottageville, S. C., and the unusual case of cyclogenesis
on March 22, 1953. Another date would have been
correct from a practical sense, as the severe weather area
was very limited in extent to only the Mobile Bay area

May 1957
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Ficure 15.—8urface chart for 0130 Est, February 20, 1954. All
criteria were favorable for tornadoes. Tornadoes were reported
in Lamar, Covington, Jones, Newton, and Neshoba Counties,
Mississippi. None occurred in Alabama, Georgia, or South
Carolina.
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Ficure 16.—850-mb. chart for 2200 Est, February 19, 1954.
tours are solid lines; isotherms, dashed lines.
is shown by the arrow.

Con-
The cold injection

and the storm occurred at 0245 mst. Six of the other
seven were the “non-family” type of single occurrences.
In only four cases would this study have led to misleading
and damaging forecasts from a practical sense.

It was noted during the study that the time of occur-
rence was usually when the squall line passed, or if no
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Figure 18.—Surface chart for 1930 Est, February 20, 1954.

squall line was present, when the cold front passed. This
usually eliminates much of the area due to frontal location.

The 1955 data were used as an independent check
initially, and then combined with the other years. The
results for 1955 are given in table 1 and the results for
combined years 1950-55 in table 2.

TaBLE 1.—Results of application of forecast procedure to independent
data, January-May, 1956

Tornado days forecast._ . ... - i
Forecast correctly....

10
8 (80.0 percent)

Actual tornado days..

11
Forecast correctly..- - 8 (72.7 percent)

No tornado days._ oo oo oo 139
Forecast correctly .o .. e iiciiao 137 (98.5 percent)
All days considered (incomplete data on one day).._..._.____.._.

150
Forecast correctly ... ... 145 (96.6 percent)

Forecast
Tornado {No tornado Total
T Tornado- .- o 8 3 11
% No tornado.._ oo 2 137 139
o Total oo oo 10 140 150
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TaBLE 2.—Results of application of forecast procedure to combined
dependent and independent data, January—May, 195066

Days considered—January through May 1950-55_ . .o e 907
Data from upper air charts unavailable_ ... _________ ... ... 1
Days eliminated by dewpoint and pressure from surface chart_ . ________._.__.__ 449
. 457

Days eliminated by fronts not in proper area. .. oo oo 186
271

Days eliminated by improper gradient/geostrophic winds. __________. . _________ 41
. 230

Days eliminated by 850-mb. contour over Atlanta..._. ... ___ ... 67
163

Days eliminated by no c¢old injection or improper location__ .. _______. ... _______ 76
87

Days eliminated by 500-mb. trough too fareast. . . ... .. 7
80

Tornado days forecast ... ___ .. _______._____
Forecast correctly._.____

Actual tornado days
Lost by surface parameters

80
28 (48.7 percent)
= 1 (Cottageville, 8. C.)

48
Lost by 850-mb. parameters 9
Suceessfully forecast_._...___.__ 39

Actual tornado days._
Forecast correctly . _
No tornado days...
Forecast correctly. .
All days considered.___ -
Forecast correetly__ .. .. .. ___.

49
39 (79.5 percent)
858

817 (95.2 percent)
906 (Incomplete data on one day)
856 (94.5 percent)

Forecast
Tornado |Notornado Total
2 Tormado. ... ... ... 39 10 49
& Notomado..... ... a 816 857
S Total oL 80 826 %06

8. WORK SHEET

The forecasting procedure developed in this study is
summarized in the following work sheet:

Use 0130 EsT surface map and 2200 st 850-mb. and 500-mb.
charts. Assume tornado alert for area of Alabama, Georgia, and
South Carolina for the date until a “STOP” item is reached in
right hand columnmn.

STOP
1. If dewpoints of at least 60° F. or more are not found
within the tri-State area nor on BIX-JAX line of sta-
tions, check STOP. ____ .
2. If no surface pressure within tri-State area is lower than
1018 mb., check STOP. ..
3. If there are no fronts in proper area in fig. 4, check

4. If direction of geostrophic flow over area is 270° through
north to 130°, eheck STOP_ . o ..
5. If gradient winds in tri-State area at 2200 rsr (includ-
ing TLH) are from 270° through north to 130°, check

6. If the 850-mb. contour through Atlanta does not reach

the Gulf coast, check STOP ... L ..

7. If a center of cold injection or cold advection exists over

lower Great Plains area at 850-mb., check area shown in
fig. 6:

A. If center is outside of area, check STOP..___.

B. If there is closed Low at 850 mb. associated

with the injection and centered west of 103°

W., ¢heck STOP. oo ...

8. If the portion of the 500-mb. trough south of the Ohio

River is east of the Mississippi River, check STOP____
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